OTICE:  WHEN  GOVERNMENT  OR  OTHER  DRAWS  148,  SPECIFICATIONS  OR  OTHER  DATA 
JIE  USED  FOR  ANY  PURPOSE  OTHER  THAN  IN  CO  SECTION  WITH  A DEFINITELY  RELATED 
■ OVERNMENT  PROCUREMENT  OPERATION,  THE  I 3.  GOVERNMENT  THEREBY  INCURS 
TO  RESPONSIBILITY,  HOR  ANY  OBUGATION  WHAT  ;OEVER;  AND  THE  FACT  THAT  THF 
lOVERNMENT  MAY  HAVE  FORMULATED,  FURNBE  OR  IN  ANY  WA.Y  SUPPLED  THE 
4AG)  DRAWINGS,  SPECIHCATIONS,  OR  OTHER  DAT  IS  NOT  TO  BE  REGARDED  BY 
MPLICATION  OR  OTHERWISE  AS  IN  ANY  MANNER  ] iCENSING  THE  HOLDER  OR  ANY  OTHER 
"ERSON  OR  CORPORATION.  OR  CONVEYING  ANY  Rll  TTS  CR  PERMISSION  TO  MANUFACTURE 
: SE  OR  SELL  ANY  PATENT^  INVENTION  THATH^  / IN  ANY  WAY  BE  RELATED  THERETO. 

Reproduced  3/ 

DOCUMENT  SERVIl  E CENTER 

KNOTT  BUILDING,  DAYI  T^N,  2,  OHIO 


WADC  TECHNICAL  REPORT  54-46 


AN  INVESTIGAHON  OF 
UTHUM  9/V)  HYOROXYSTEARATE  GREASES 


HARVEY  a MARKLE,  JR..  1ST  LT,  VSAP 
HERBERT  SCHWENKER 

MATERIALS  LABORATORY 


AUGUST  1954 


WRIGHT  AIR  DEVELOPMENT  CENTER 


«ADC  TECHNICAL  REPORT  54-46 


M IKVEST1GAT10N  OF 
UTHIUM  9/10  HYDROXYSTFARATE  GREASES 


Harvey  C.  Markle,  Jr,.  1st  U.  VSAP 
Herbert  Scbwenker 

Materials  Laboratory 


August  1954 


RDO  No.  613-  IKE-  A) 


Wright  Air  Development  Center 
Air  Research  and  Development  Command 
United  States  Air  Force 
Wright- Patterson  Air  Force  Base,  Ohio 


Carpenter  ti  Frtg.  Co.,  Sprlnaflela,  0. 

300-1  Horeaber  19!* 


FOREWORD 


This  report  was  prepared  by  the  Petroleum  Products  Branch  and  was  initiated  un- 
der Research  an  A.),  "Aircraft  Lubricating  Greases". 

The  report  was  administered  under  the  direction  of  the  Materials  )l*borateiy.  Direc- 
torate of  Research,  Wright  Air  Developmant  Center,  with  Lt  H.  C.  Markle  and 
Ur.  H.  Schwenker  acting  as  project  engineer. 
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The  Belting  points  of  lithium  soaps,  which  were  prepared  from  hydrojQrsteaidc 
acids,  were  determined*  These  soaps  were  confined  with  synthetic  oils  to  prepare 
greases  which,  in  turn,  were  analysed  iro  Qetex'xylua  thiir  physical  and  chosiical 
properties*  Except  for  water  resistance,  oil  separation,  and  mechanical  stability, 
the  greases  aede  from  lithium  9 or  10  h3Tdro::Qr8tearate  were  found  to  posaesc  proper- 
ties equal  to  those  of  lithiuB  12  hydre^^stsarate * 
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Sasqples  of  9/l0  hydrojQrstearic  acid  were  submitted  bgr  the  United  states  Depart- 
ment of  Agriculture  and  Emery  Industries,  Inc*  to  the  JIaterials  Laboratory  for  eyal- 
uation  as  grease -thickening  agents*  Only  slight  differences  exist  between  the 
properties  of  these  acids  and  the  lithium  soaps  made  from  them,  melting  points  of 
the  lithium  9/l0  hydro^stearate  soaps  coiQ)are  favorably  with  lithium  12  hydros^- 
stearate.  The  soaps  of  these  acids  produce  a somewhat  softer  grease  than  that  pro- 
duced by  the  saae  percentage  of  12  hydro^QTStearic  acid  soap  when  used  with  the  same 
base -oil;  but  they  appear  to  be  good  gelling  agents* 

Preliminary  investigations  revealed  that  lithium  9/l0  hydro greases 
coiipared  favorably  with  lithluK;  12  hydros^ stearate  greases  except  for  mechanical 
stability,  oil  separation,  and  water  resistance*  These  deficiencies  probably  can 
be  corrected  by  further  study* 

Initial  attempts  to  io^rove  the  mechanical  stability  of  lithium  9 or  10  hydrox- 
ystearate  greases  have  been  encouraging;  consequently,  future  work  will  be' devoted 
to  stu<^  along  thiis  line  in  order  to  formulate  greases  that  will  meet  the  specifica- 
tion requirements  of  current  aircraft  greases* 
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many  greases  currently  used  in  the  Air  Force  are  made  from  materials  that  are 
imported  or  whose  supply  is  liml'ted*  In  the  event  of  war  ths  source  of  supply  may 
be  cut  off  or  become  insufficient  for  the  needs  of  the  Air  Fores*  It  is  desirable, 
therefore,  to  use  non-critical  materials  which  are  cbtaiasd  from  doaestio  sources  in 
the  development  of  greases  which  are  as  good  or  better  than  present  Air  Force  lubri- 
cating greases*  This  task  is  to  be  accomplished  by  the  investigation  of  9/l0  hydrox- 
ystearate  soaps,  non-soap  thickeners,  and  ^nthetic  oils  other  than  those  derived 
from  castor  oil* 

Ths  materials  eval'oateu  as  grease-thickening  agents  in  this  in'?eatigation  were 
the  lithium  soaps  of  12  l^dro^qrstearlc  acid  and  9/l0  hydrojy stearic  acid*  Some  air- 
craft lubricating  grsasss  in  current  use  employ  12  Ijydrojystearic  acid  soaps  as 
thickening  agents.  These  acids  ars  derived  from  castor  oil,  an  ioported  and  ejqpen- 
uivB  material*  Tallow,  an  inexpensi-ve  domestic  product,  is  the  raw  material  from 
which  9/10  bydroxystearic  acid  is  obtained* 


SECTION  II 

PREPARATION  OF  LITHIUM  HTDROXISTEARATE  SOAPS 
Lithiiun  soaps  were  prepared  from  the  following  acids: 

(1)  9/10  riydroxy stearic  acid  (MLO-6iiU3);  nelting  point,  66*b'  to  ?3*5°C; 

supplied  by  xuu**  me* 
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(2)  9/lO  hiydro::arstearic  acid  (MLQ-6395);  melting  point,  70,0°  to  75«0°Cj 
supplied  by  NRRL  Dept,  of  Agric, 

(3)  12  hydro::p’8tearic  acid  ( llLG-68Si> ) ; Belting  point,  75«0°  to  76,0°C; 
supplied  by  £mery  Ind,,  Inc, 

A lithium  l^droxLde  base,  manufactured  by  lietalloy  Corp,,  was  also  used  in  the 
preparation  of  the  soap;  but  although  labeled  anhydrous,  it  proved  to  be  an  old 
saa^le  Eiid  n&s  found  to  contain  a suiall  p>ei'C6iitage  of  water, 

A predetermined  amoiuit  (usually  100  gm)  of  the  acid  was  placed  in  a one-liter, 
stainless  steel  beaker.  Distilled  water  was  added  to  the  acid  until  the  beaker  was 
about  half  full.  Then,  the  beaker  was  heated  in  an  oiO.  bath  uiitil  tliw  mixture  was 
slightly  warmer  than  the  melting  point  of  the  acid.  The  mixture  was  stirred  by  an 
air-driven,  glass  stirrer. 

An  equivalent  weight  of  lithium  hydroxide,  having  been  previously  dried  (or 
corrected  for  a known  moisture  content),  was  placed  in  a separate  beaker.  Distilled 
water  was  added;  the  soltition  was  warmed  and  then  decanted  into  the  acid  mixture  in 
the  stainless  steel  beaker.  This  process  of  adding  water  and  decanting  the  solution 
was  repeated  until  all  the  base  was  added  to  the  acid  mixture. 

After  heating  (90°  — 90°C)  and  stirring  for  at  least  one  hour,  this  mixture 
was  allowed  to  cool;  it  was  then  filtered  through  a Buchner  funnel.  The  soap  that 
collected  in  the  filter  was  returr^'d  to  the  stainless  steel  beaker;  more  distilled 
water  was  added;  and  the  mixture  was  heated  and  stirred  for  at  least  another  hour. 
This  mixture  was  allowed  to  ccol  and  was  then  refiltered  throu^  a Buchner  funnel. 

The  soap  was  dried  in  an  oven  at  160°  to  210°f  for  at  least  2U  hours. 

The  following  malting  points  were  observed  for  the  lithiom  soaps  supplied  by 
Emery  Ind,,  Inc.,  !JRRL  Dept,  of  Agric.,  and  Emeiy  Ind.,  Inc.,  respectively? 

(1)  lithium  9/10  hydro:ystearate  (MLG-6859)  201°  — 2uU,5°C 

(2)  lithium  9/l0  hydroxysuearate  (MLO-6858  ) 207°  — 210°C 

(3)  lithium  12  hydrojystearate  (ltLQ-6857  ) 207°  — 208,5°C 


SECTION  III 


PREPARATION  OF  LITHIUll  HYDROHfSTEARATE  GREASES 


Greases  were  made  from  MLG-6859,  MLG-6858,  MLG-6857»  and  the  following  oils? 
di^2  eth^l  he:yl)  sebacate  (Distilled),  supplied  by  Rohm  and  Haas  Co.;  tri  decyl 
azexate  L0i8(widecyl)  azelatej  , supplied  by  Emery  Ind.,  Inc.;  dipropylene  glycol 
dipelargonate,  supplied  by  Emery  Ind.,  Inc. 


A predetermined  amount  (18  gm)  of  the  lithiu]fr>ba8e  soap  was  weighed  in  a stain- 
less steel  beaker  to  which  the  proper  w.ioount  of  oil  (?.32  gm)  was  then  added  to  give 
^ne  aesired  perceiiuages  or  soap  and  oil*  The  beaker  containing  the  nslxture  was  then 


prwiisal-eu  On  a hot-giats  to  about  170“C,  and  then  placed  in  an  oil  bath  which  waa 
held  at  220^  to  230^C.  The  soap  and  oil  mixture  was  stirred  until  the  soap  had 
salted  con^letely  into  the  oil  (190°  to  200°C. )•  The  beaker  was  removed  from  the  oil 
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bathj  and  the  alxture  was  quickly  quenched  by  pouring  it  on  a stainless  steel  table 
top.  The  resulting  grease  was  milled  three  tines  through  a three-roll  paint  mill 
having  a cleca-ance  between  rolls  of  about  0.002  inches* 

Table  I shows  the  different  greases  that  were  made  by  combining  the  thickeners 
(lithium  soaps)  with  the  oils  in  the  proportion  of  12  and  respectively.  Diqpll- 
cate  batches  of  each  grease  were  made  to  check  their  reproducibility. 


TABLE  T 

(»EASE  FCRIIUUTION 


IDENT 

NO. 

LITHITJll 

SOAP 

OIL 

MICRO 

PENETRATION 

MLQ-6701 

MLQ-6857 

di(2  ethyl  he]qrl)sebacate 

62 

MLG-6702 

MLO-6859 

di(2  ethyl  heiyl)sebacate 

135 

MLG-6836 

!fl  0-6859 

di(2  ethyl  hexyl )sebacate 

16U 

MLG-6703 

HLQ-6858 

di(2  ethyl  hexyl )sebacate 

122 

ULQ-6838 

ULG-6858 

di(2  ethyl  he3Qrl)sebacate 

81 

ML0-670U 

MLG-6858 

dipropylene  glycol  dipelargonate 

65 

ULG»6837 

MLG-6858 

dipropylene  glycol  dipelargonate 

1U7 

KLG=6705 

nlg-6859 

dipropylene  glycol  dipelargonate 

72 

IILG-6835 

UT  P— 

dipropylene  glycol  dipelargonate 

95 

MLQ-671U 

1110-6857 

dipropyleno  glycol  dipelargonate 

U5 

MLG-683U 

IILG-6857 

diproiylene  glyccl  dipelargonate 

U3 

MLG-6753 

MLO-6858 

trl  decyl  azelate 

70 

MLQ-6778 

MLO-6858 

trl  decyl  azelate 

66 

MLG-675U 

MLO-6859 

trl  decyl  azelate 

81 

MLG-6773 

MLO-6859 

tri  decyl  azelate 

72 

IILG-6755 

MLO-6857 

trl  decyl  azelate 

U2 

IILQ-6833 

MLO-6657 

tri  dec/1  azelate 

U5 

The 

gelling  power 

of  the  lithium  y/iO  hydro^ystearates  proved 

to  bs  less  than 

that  of  lithium  12  hydre^qrstearate.  With  a few  exceptions,  reproducibility  of  the 
greases  (determined  by  their  initial  consistency)  was  good.  For  those  cases  in  which 
the  consistency  varied  for  different  batches  of  the  sacs  material,  the  greases  rfere 
made  from  lithium  9/10  hydrojy stearate  and  di(2  ethyl  hexyl) sebacate  or  lithi\m  9/10 
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tiydroj^ste crate  and  dlprop/lene  glycol  dlpelargonate  • This  was  probably  due  to  a 
false  ccnsistenpy  which  is  somstiniBS  obtained  with  a low  percentage  of  soap  when 
using  this  type  of  nuBnehing^  that  is,  when  chilling  rapidly  on  a stainless  steel 
sheet*  It  will  be  noted  that  where  the  tri  decyl  azelate  was  used  with  the  lithium 
9/10  hydroxystearats  the  reproducibility  of  different  batches  of  this  grease  was  good. 
This  can  be  attributed  to  the  higher  viscosity  of  tri  decyl  azslats  which  made  the 
percentage  of  soap  used  in  this  case  adequate* 


SECTION  IV 

PHTSICyLL  AND  CHEMICAL  EVALUATION  CF  LITHIUM  HIDROXTSTEARATE  GREASES 
Mschanical  Stability 

The  nechanlcal  stability  of  the  greases  was  checked  in  the  Haln  Mlcroworker* 
Lithium  12  hydroiystearate  exhibited  excellent  mechanical  stability,  whereas  the 
necha7d.cal  stability  of  the  lithium  9/l0  hydrosystearate  was  only  fair* 

Electron  micrographs  were  made  of  the  greases  to  determine  if  the  better 
mechanical  stability  of  the  lithium  12  hydro:y stearate  grease  was  due  to  a dlffer- 
snes  in  fiber  structure.  Examination  of  the  slsctrch  niorographs  revealed  tiiab  biw 
lithium  12  hydrojystearate  (Figures  1 through  $)  had  a twisted,  symmetrical  fiber 
structTire  which  has  bean  credited  with  giving  good  mechanical  stability.  The 
lithium  9/10  hydroxys tearate  (Figures  6 through  9)  had  a rod-liL.i  structure,  and  the 
fibers  were  packed  tsgsther  in  bundles.  After  working,  both  the  lithliim  12  hydrox- 
ystearate  and  the  lithitim  9/l0  hydrojystearate  fibers  appear  to  bo  grougped  closer 
together* 

The  lithiuun  12  hydrojystearate  fibers,  when  packed  together,  do  not  form  a 
solid  mass,  b\xt  give  a lattice-type  structure  with  mnny  interstices  which  present 
a large  surface  area  sf  t>»  thickener  for  retention  of  the  oilj  this  results  in  a 
very  sli^t  brsakdewn  of  the  grease  due  to  working* 

The  fibers  of  lithixuB  9/l0  hydro^ystearate  are  also  packed  together  on  working, 
but,  here,  a more  solid  mass  is  formed,  reducing  the  surface  area  of  the  thickener 
which  results  in  a reduction  of  its  oil  retaining  ability*  This  causes  a greater 
breakdown  of  lithium  9/10  hydrojy stearate  greases  when  worked.  The  mlcropenetra- 
tlons  of  the  lithium  hydroxystearate  greases  are  listed  in  Table  2. 


TABLE  II 

MSCHANICAL  STABILITI  OF  GREASES 


MICROFBNETRATION 

NO. 

Initial  ASTH 

Strokes  Worked  in  Kaln  Mlcroworker 

50 

ICO 

500 

HLG-6701 

(3.  xea/\Q 

7U  ma/lO 

71  Wio 

9U  bb/10 

iiT.Q-670? 

135  WlO 

172  mt/\Q 

206  ms/lO 
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TABLE  II  (Continued) 


iDEifr 

1IICR0PENETRA7ICK 

NO. 

Initial  ASTM 

Strokes 

Worked  in  Hain 

KLcroworker 

50 

100 

500 

«LG-6836 

MT.0-6703 

16U  iiin/lO 
122  nm/lO 

257  nn/lO 
151  nm/10 

2U6  nn/lO 

260  nm/10 
16  5 nm/10 

KLG~6838 

81  m^'^lG 

x29  uuiy^l.0 

lll3  kt/10 

or»*f  _ /in 

I «UMy 

MLO-670U 

65  mo/lO 

89  mVlO 

^nQ  .^/lA 
usiy 

van  _,/in 

»MMy  ^ w 

MLC-683? 

IL?  Du/lO 

253  vao/lO 

266  nnq/lO 

30U  nm/lO 

MLG-6753 

70  nm/lO 

115  nnn/lO 

115  nm/10 

1U3  mn/10 

MLG-6778 

66  mnv/lO 

101  nm/10 

115  nm/10 

IU2  nm/lO 

MLG-6705 

72  mnv'lO 

106  mVlO 

1U6  mq/lO 

153  nm/10 

i£LC-6835 

95  nBn/lO 

1U5  nntv^lO 

157  san/io 

195  mn/10 

MLG-675U 

81  WlO 

128  mm/lO 

lll2  nmt/lO 

16U  nm/^10 

MLG-6773 

72  Wio 

100  mn/10 

122  mm/10 

lUo  nm/10 

MLQ-67IU 

U5  mm/10 

56  nm/10 

59  nm/10 

72  WlO 

I£LG-603!i 

U3  mm/lO 

50  miq/lO 

5U  nm,''lO 

58  UIi/10 

mlG“6?55 

U2  m/lO 

52  mn/10 

57  mn/10 

^ mn/10 

MLG-6833 

U5  mn/lO 

55  nm/10 

U3  mn/10 

65  mn/10 

t 
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Uagrai'lcatiiont  linua 

Scale:  l.lU  in.  = lii 


Figure  1.  Uiworked  Sanpl.e  of  MLO-6833  (12jf  Lithium  12  Hydrojiyatearate  and 

08<  Tri  decyl  aielate) 
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Magnification;  32*100  tinss 
Scale;  l.li;  in*  = 


Figure  2*  Worked  Sasrole  (500  Strokes  by  Hain  llicroirorker)  of  MLG-6633 
(1256  LithiiiB  12  wydroxystearate  and  8856  Tri  dacyl  azelate) 
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uagnlflcatloiu  32 <100  tines 
Scale:  l«lU  In*  : Iti 


Figure  3-  Unworked  sanmle  of  ML0-683U  (125f  Lithiua  12  Hydroa^stearate 
and  Dipropylena  glycol  dipelargcnats ) 
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Uagniflcation:  32,1CXD  tines 

Scale;  l.lU  in.  = l\i. 


Figure  U.  Worked  Saaplo  (500  Strokes  by  Main  Microworker)  of  MLG-683U 
(12$  Lithium  12  Hydroxyatearate  and  88$  Dipropylene  glycol  dipelargonate ) 
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Hagnlfication:  29,000  tines 

Cr>a1o«  1 .T)l  in.  Z i.11 


Figure  5^  tftiworked  Sanple  of  MLG-6812  (12%  Lithium  12  Hydroxy stearate 
and  8856  Di  (2  ethyl  hexyl)  sebacate) 
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Magnification;  32,iOO  times 
Scale:  I.IU  in*  = lix 

1 

t 


Figure  6.  Umrorked  Sanple  of  MLG-683<5  (12%  Lithium  9/ 10  Hjdro^ystearate 
and  88%  Di  (2  etJ^/l  hexyl)  sebacate) 
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Figure  7«  Worked  Sanple  (500  Strokes  by  Hain  Hlcroworker)  of  MLG-6836 
(12%  Lithium  i?/10  Kydrojiystearate  and  65%  Di  (2  ethyl  hej^l) 

sebacate ) 
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Unworked  Sanple  of 


Figure  9.  Worked  Sanple  (500  Strokea  by  Hain  Microworker)  of  MlQ-6838 
(12$  Lithium  9/l0  Hydro^grstearate  and  88$  Di  (2  ethyl  he:qrl) 

sebacate ) 


m.'<  *'~. 

bSL 

^ir 

Oil  beparatioR 


The  greases  were  tested  for  oil  separation  in  -?.ocordance  with  Federal  Specifica- 
tion W-L-?91j  method  35»1»  Table  3 gives  the  different  greases  tested  and  the  per- 
centage by  weight  of  oil  lost. 


TABLE  III 

OIL  SEPARATION  OF  GREASES 


lEEnT  NO. 

WEIGHT  LOSS  (PERCENT) 

MLG-6701 

O.Ol; 

MLG-6702 

5.72 

MLO-6836 

8.UO 

MLG-6703 

5.3U 

MLG-6838 

6.00 

MLO-670U 

2.05 

ULG-6837 

6.00 

MLG-^753 

5.U0 

MLG-6778 

3.02 

MLG-6705 

5.17 

MLG-6835 

8.10 

MLO-675U 

5.30 

MLG-6773 

•>  orf 

ULC3-67114 

0.06 

MLG-683U 

0.00 

MLG-6755 

1.10 

VLG-6833 

0.20 

The  greases  made  from  lithium  12  stearate  soap  exiiibited  very  small 

bleeding  losses.  The  oil  separation  in  lithiuiB  ?/lG  hydrojystoaratc  greases  whs 
much  greater#  and  in  several  cases  exceeded  the  maxiinum  weight  loss  of  allowed 
ufider  Military  Specification  MIL-G-3278,  Greasej  Aircraft  and  Instrument. 

The  large  amount  of  oil  separation  in  the  lithium  9/l0  hydrojy stearate  greases 
can  be  attributed  to  the  percentage  of  soap  present.  Increasing  the  amount  of  soap 
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to  produce  a grease  of  a consistency  comparable  to  that  of  a lithium  12  hydrox- 
ysteavate  grease  xould  undoubtedly  reduce  the  amount  of  oil  separation. 


Water  Resistance 

The  lithium  12  hydroxystearate  and  the  lithium  9/10  hydroxystearate  greases  were 
tested  for  their  water  resistance  in  the  manner  given  by  the  following  specifica- 
tions: 

Water  Inmersion  Test,  5£ilitary  specification  MIL-G-3278*  Grease,  Aircraft  and 

Instrument,  and  Water  Resistance,  Federal  Specification  W-L-791e,  Ifethod 

3252.1. 

On  the  basis  of  the  conducted  tests,  greases  nade  with  lithium  12  l^ydroxystearate 
have  better  water  resistance  than  those  made  from  lithium  9/l0  hydroxystearate.  Re- 
sults of  these  tests  are  found  in  Table  IV. 


TABLE  IV 

WATER  RESISTANCE  OF  CffiEASES 


IDENT  NO. 

WATER  RESISTANCE  TEST 
(W-L-791e,  Method  3252.1) 
WEIGHT  LOSS  IN  PERCENT 

WATER  IMMERSIOH  TEST 
(MIL-G-3278,  Par.  U.2.2.U.) 

HLG-6701 

$r97 

Passed 

ULQ-6836 

2U.22 

Passed 

15.73 

Passed 

MLG-670U 

2,57 

Passed 

MLG-6837 

27.98 

Passed 

iILG-6835 

13.75 

Passed 

MLG-683U 

1,98 

Passed 

MLQ-6833 

2,92 

passed 

Wear  Characteristics  of  Greases 

The  lithixun  lydro^grstearate  greases  were  tested  on  the  Navy  Gear  Wear  Tester 
js  accordance  with  Military  Specification  MIL-G-3278,  Grease,  Aircraft  and  Instrument, 
Paragraph  U.2.2.6.  Results  of  these  tests  are  founa  in  Table  7. 
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TABLE  V 


WEARIW}  CHARACTERISTICS  CF  (21EASES 


WEIGHT  LOSS  IN  MILLI®AMS 
(After  1000  Cycles) 

lufiin.'  NO. 

5«Po\md  Load 

10-Pound  Load 

MLQ-6701 

0*63 

1*27 

MLO-6836 

o*5ii 

1.15 

MLG-6838 

0.U8 

0*88 

MLG-670U 

0*U6 

1*U0 

MLG-6837 

0*52 

0.65 

MLQ-6705 

0*59 

1*20 

V.T  n_AA'3c! 

^ » >• 
w«tiO 

^ ^ f- 

UaOO 

MLG-683U 

0*55 

1.22 

MLQ-6833 

0*U2 

i.Uo 

The  wear  characteristics  of  both  t/pes  of  the  hydroji/stearate  greases  are  good 
on  the  basis  of  this  test* 

Oxidation  Stability 

Saiples  of  the  uninhibited  greases  were  examined  for  their  resistance  to 
oxidation  to  dstermine  the  extent  of  oxidation  of  both  the  lithium  9/l0  hydros^- 
stearate  and  the  lithium  12  hjdro^^stearate  greases*  The  oxidation  stability  of 
the  greases  was  determined  the  Oxygen-Bomb  luthod  in  accordance  with  Federal 
Specification  W-L-791,  Method  3U5*3*  Table  VI  indicates  the  res\ilts  of  th5  test* 


TABLE  VI 

OXIDATION  STABILITT  OF  (ffiEASES 


IDENT  NO. 

PRESSURE  DROP 

MLO-6833 

7U  psi  in  100  hrs 

M, 0-6773 

80  psi  in  100  hrs 

MLG-6778 

80  psi  in  100  hrs 

MLJ-683U 

76  psi  in  71  hrs 

MLQ-6835 

77  psi  In  6S  hrs 

MLQ-6837 

83  psi  in  100  hrs 
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Thsra  was  no  appreciable  difference  in  the  rate  of  oxidation  of  any  of  the 
lithiuin  hydroTtystaarate  greases. 

Copper  Corrosion 

All  of  the  greases  were  tested  for  their  resistance  to  copper  corrosion,  in 
accordance  with  Federal  Specification  W-L-791*  Method  530.9 • All  the  lithium  12 
sad  the  llthiam  9/l0  hydro^^stearate  greases  passed  this  test. 

Melting  Points 

The  melting  points  of  the  greases  were  determined,  and  are  recorded  in  Table 

VII. 


TABLE  VII 

MELTING  POINTS  CF  GREASES 


lEENT  NO. 

DROPPFNG  POINT 
°F 

MLQ-6701 

365 

MLG-6702 

352 

MLQ-6836 

35U 

MLG-6703 

367 

MLG-6838 

370 

MLQ-670U 

372 

MLG-6837 

37U 

MLQ-6753 

37U 

MLO-6778 

367 

MLG-670*^ 

365 

VLa-6835 

36U 

MLG-675U 

365 

MLG-6773 

360 

MLG-671U 

369 

MLC-683U 

36U 

MLG-6755 

372 

ULQ-6833 

36i> 
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SECTION  V 


IMPROVEMENT  OF  MECHANICAL  STABILITY 


Several  attenpts  have  been  made  to  Is^rove  the  mechanical  stability  of  the 
lithium  9/10  hydrojystearate  greases.  Three  methods  were  used  in  an  effort  to  im- 
prove their  mechanical  stability:  (1)  attenpt  to  change  the  fiber-stnicturej 

(2)  increase  the  amount  of  thickener;  (3)  add  small  amounts  of  other  thickeners 
along  with  the  lithixun  9/l0  hydi'ojystearate  in  preparing  the  greases. 

Method  #1 


A grease  was  prepared  using  the  following  formulation: 

~\S%  lithium  9/iO  nydroxystearate 
85^  di  (2  ethyl -hexyl)  sebacate 

The  soap  and  oil  were  added  to  a two  neck  flask  fitted  with  a glass  stirring  rod  and 
a thearmometer.  The  flask  was  heated  with  a glascol  heater  controlled  by  a variac. 
This  mixture  was  heated  to  the  malting  point  (202°C)  and  held  for  5 minutes.  The 
solution  was  then  diilled  by  pouring  it  onto  a stainless  steel  table  top  and  the 
grease  milled  on  a three-roll  roller  mi  1 ~i  with  .002-in.  elearanco.  Tula  material 
was  given  the  designation  of  MLG-9750*  The  mechanical  stability  of  this  grease 
was  comparable  to  that  of  previous  lithium  9/l0  hydro^QTstearate  greases. 

Method  #2 


A soap  was  prepared  by  reacting  205^  12  hydro:^stearic  acid  and  SOjK  9/l0  hydrox- 
ystearic  acid  with  the  proper  amount  of  lithium  hydroxide.  The  soap  which  re- 
sulted was  used  in  the  preparation  of  a grease  with  the  following  formulation: 

tr lithium  12  hvdroxvstearate  f204^ 

. . 

lithium  9/10  hydroxystearate  (80j6) 

85^  di  (2  ethyl -hexyl)  sebacate 

This  grease  was  prepared  in  the  same  manner  as  ULO-97^0.  However,  a melt  was 
obtained  at  180°C.  The  mixture  was  heated  to  185°C  and  held  for  5 minutes.  The 
grease  was  assigned  MLG-9801.  The  mechanical  stability  of  this  grease  was  better 
than  MLG-9750,  but  it  not  as  good  as  that  of  the  lithium  12  hydrojystearate 
greases. 

Method  #3 


The  grease  formulation  used  in  studying  the  effects  of  ten?>erature  on  fiber- 
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stx'iicture  was  the  saius  as  that  of  MLG— 97^^* 
to  that  of  MLG-9750*  However,  the  mixture  was  heated  well  beyond  the  melting  point 
(202°C)  to  228°C  and  held  for  5 minutes. 


Mechanical  stability  of  this  grease,  ML0-9771i  was  better  than  that  of  MLO-9801 
and  MLG-9750,  and  was  comparable  to  tb^t  of  lithium  12  hydro:grstearate  greases.  A 
one  pound  batch  of  MLQ-9771  was  made  using  the  same  technique  employed  previously, 
and  was  given  the  identification  nxunber  MLG-9918.  The  mechanical  stability  of  this 
grease  was  tested  as  follows: 


Unworked  Penetration  - AStM  Method 
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Worked  Penetration  - Kederai  Spec.  W-L-7!?l>  Method  31.1 

Worked  Stability  - Fbderal  Spec.  W-L-791#  Method  31.3 

Data  on  the  mechanical  stability  of  the  preceding  greases  are  listed  in  Table  vIII« 


TABLE  VIII 

MECHANICAL  STABILITY  OV  GPtEASES 


MLQ 

JIUMFiSR 

iNrriAL 

STROKES 

UNWORKED 

WORKED 

WCRKE2) 

ASTM 

WORKED  IN 

ASTM 

PENETRATION 

STABILm 

MICRCPEJffiTRATION 

MICROnCRKaR 

prkETRATION 

100 

500 

9918 

- 

- 

2U6  mm/lQ 

260  mnv^lO 

3U0  Wio 

9771 

51 

65 

106 

- 

«■ 

6701 

62 

71 

9U 

- 

i» 

tm 

i-i'wr'rN 

7i:?w 

- 

330 

- 

- 

mm 

ysuj. 

59 

OT^ 

✓ 

130 

Electron  td-crographs  were  taken  of  MLG-9801  and  MLQ-9771.  The  urororked  sanple 
of  MLO-9771  (Figure  10)  revealed  the  sane  type  of  rod-like  fiber  previously  encoun- 
tered for  lithium  9/10  hydroo^stearate  greases.  However,  the  rods  wore  not  packed 
together  in  such  large  bundles  and  were  wall  defined.  The  worked  sanple  of  MLG-9771 
(Figure  11)  shows  the  usual  clumping  of  soap-fibers  as  a result  of  working  the  grease. 

The  fiber-structure  of  MLG-9801  (Figure  12)  was  similar  to  that  of  the  other 
lithium  9/10  hydroxystearate  greases.  However,  the  fibers  were  better  defined  and 
tha  length  to  width  ratio  seemed  to  be  increased. 
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Magnification:  29 » 000  tines 

Scale:  I«lii  In.  = 


Figure  10.  Unworkad  Sanple  of  MLG=9771  (15/6  Lithium  9/l0  Kydro:grstearate 
and  85^  D1  (2  ett^l  he:^l)  sebacate) 
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Magnification:  29>000  times 

Scale:  l.li:  in.  = 


Figure  11s  Worked  Sanple  (500  Strokes  by  Hain  Microworker)  of  MLG-9771 
(15^  Lithium  9/10  Hydro :Qrstaarate  and  65%  Di  (2  ethyl  hexyl) 

sebacate ) 
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Magnificatioa;  29>0CX)  times 
Scale:  l»lU  in.  Z 


Figure  12.  Uiworked  Sample  cf  MLC-9801  {3%  Lithium  12  KydrojQrstearate, 
1255  Lithium  9/l0  HydrojQrstearate,  and  65?  Di  (2  ethyl  hexyl)  sebacate) 


WADC  TR  5U-U6 


23 


srvices  Technical  InformatiGii  figon 


Because  of  our  limited  supply,  you  are  requested  t-^j^eturn  this  copy  WHEN  IT  H/S  SEi  ''ED 
YOUR  PURPOSE  s . that  it  may  be  made  available  t ^.oooerati 

will  be  appreciated.  ^ ' 


— \ 


NOTICE;  WHEN  GOVERNM75NT  OR  OTEER  DRAWmCw  SPECIFICATIONS  OR  OTHER  DA  A 
ARE  USED  FOR  ANY  PURPOSE  OTHER  THAN  IN  CCN^^tION  WITH  A DEFIKITELY  RE,  AT2D 
GOVERNMENT  PROCUREMENT  OPERATION,  THE  U.  <T  GOVERNMJJNT  THEREBY  INCUl 
NO  RESPONSIBILITY,  NOR  ANY  OBLIGATION  WKATScgVER-  AND  THE  FACT  THAT  THi 
GOVERNMENT  MAY  HAVE  FORMUL  ATED,  FURNISH^  OR  IN  ANY  WAY  SUPPLIED  THI 
SAID  DRAl^GS,  SPECIiaC ATIONS,  OR  OTHER  DATA© NTOT  TO  Bf^  REGARDED  BY 
IMPLICATION  OR  OTHERWISE  AS  IN  ANY  MANNER  I^rENSING  THE  HOLDER  OR  ANY  O 3ER 
PERSON  OR  CORPORATOR,  OR  CONVEYING  ARY  RI^CTS  OR. PERMISSION  TO  MANUFA  PURE, 
USE  OR  SELL  ANY  PATENTED  INVENTION  THATTilA^ IN  ANY  WAY  BE  RELATED  THEF  TO. 
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